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This  raised  map  was  originally  executed,  so  far  as  the 
surface-features  are  concerned,  by  pupils  of  the  National 
Model  School,  Marlborough  Street,  Dublin,  under  the  direction 
of  Mr.  T.  W.  Conway,  one  of  the  Masters.  On  its  horizontal 
scale,  one  inch  represents  one  mile.  The  Museum  is  indebted 
to  the  late  Sir  Patrick  Keenan,  P.C.,  K.C.M.G.,  C.B.,  for  per- 
mission to  have  a  copy  prepared,  to  which  the  geological 
colouring  has  been  added  under  the  supervision  of  the  Officers 
of  the  Geological  Survey  of  Ireland.  A  large  index  of  the 
colours  used  hangs  within  the  barrier  surrounding  the  map. 

It  will  be  noted  that  there  is  considerable  exaggeration  ot 
the  forms  of  hill  and  valley  in  the  raised  map,  owing  to  the 
use  of  a  vertical  scale  eleven  times  that  of  the  horizontal 
measurements.  Details  are,  however,  thus  brought  out  that 
would  otherwise  have  been  invisible.  Photographs  of  Irish 
scenery  and  geology  have  been  placed  round  the  map,  as  nearly 
as  possible  opposite  to  the  spots  represented  by  them  ;  and 
these  will  serve  to  show  the  true  form  of  the  surface,  whether 
in  the  plains  or  on  the  mountain-ridges. 

A  map  on  the  scale  of  eight  miles  to  one  inch  hangs  close 
by,  on  which  the  names  of  towns,  rivers,  etc.,  can  be  readily 
found.  It  thus  serves  as  an  index  to  the  raised  model. 

Situated  on  the  very  edge  of  the  European  continent,  with 
oceanic  waters  on  the  west,  and  shallow  seas  on  the  east,  Ireland 
has  been  moulded  by  the  same  series  of  geological  events  that 
gave  rise  to  Great  Britain,  France,  Belgium,  and  Scandinavia. 
Rock-masses  that  play  a  part  in  the  building-up  of  Ireland  can 
be  traced  into  one  or  other  of  these  countries,  and  the  past 
history  of  the  area  is  thus  closely  united  with  that  of  north-west 
Europe. 

The  oldest  rocks  traceable  in  the  country  occur  in  the  north 
and  north-west  ;  but  their  true  relations  have  been  much  ob- 
scured by  later  earth-movements.  The  oldest  well  marked  series 
of  animal  remains  known  to  us  on  the  globe  occurs  in  what  are 
called  Cambrian  strata.  In  Scandinavia  and  Finland  immense 
series  of  sedimentary  rocks  are  found  beneath  the  Cambrian, 
forming  the  rock-systems  of  the  pre-Cambrian  or  Archaean 
group.  Where  Cambrian  beds  are  absent,  it  is  impossible  to 
say  if  an  ancient  series  of  rocks  is  truly  pre-Cambrian  ;  but  it 
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is  very  highly  probable  that  the  crystalline  masses  and  old 
lavas  that  form  the  moorland  between  Omagh  and  Cookstown 
in  Ireland  represent  an  ARCILEAN  system  invaded  by  granitic 
rocks  at  two  different  epochs.  Old  rocks  of  much  the  same 
type,  including  a  dark  crystalline  limestone,  appear  on  the 
north-east  coast  of  Co.  Antrim. 

An  ancient  series  of  clays,  limestones,  and  sandstones,  which 
have  been  crumpled  up  from  the  south-east  to  the  north-west, 
and  have  become  highly  altered  by  intrusions  of  granite,  forms 
the  picturesque  highlands  of  Galway,  Mayo,  and  Donegal 
(Plate  I.).  The  lowest  beds  of  the  Lower  Silurian  system  rest 
on  this  great  sedimentary  series  in  the  region  about  Killary 
Harbour,  and  we  may  place  it  with  confidence  as  pre-Cambrian 
rather  than  Cambrian.  Fragments  worn  from  its  highly 
altered  rocks  are  found  in  Lower  Silurian  conglomerates. 
The  limestones  have  become  crystalline  and  often  contain  sili- 
cates. One  of  these  altered  types  forms  the  handsome  green 
serpentinous  marble  of  Recess  and  Streamstown  in  Connemara. 
The  clays  have  been  changed  to  gleaming  mica-schists,  often 
rich  in  small  red  garnets  ;  the  sandstones  are  cemented  by  silica, 
and  are  now  quartzites,  the  hardest  and  most  resisting  rocks 
upon  the  earth.  The  bold  summits  of  the  Twelve  Bens  and 
the  Maam  Turc  Mountains  in  Co.  Galway  (Plate  I.,  fig.  B),  the 
crests  of  Achill  Island  and  of  Nephin,  the  steep  rock-cone  of 
Errigal  and  the  ridge  of  Muckish,  all  owe  their  supremacy  to 
the  presence  of  quartzite.  The  sands  of  an  old  sea-bottom 
have  thus  become  uplifted  to  form  the  highest  features  in  the 
north-west  of  Ireland.  The  quartzites  are  barren,  with  scarcely 
any  soil ;  the  mica-schists  weather  down  into  yellow  clays,  and 
are  often  grass-covered.  The  drifts  of  Co.  Londonderry  are 
largely  derived  from  mica-schists,  and  provide  fertile  loams. 
The  Sperrin  Mountains  and  the  Loughermore  range  rise  here 
as  east-and-west  ridges  above  the  general  level,  and  form  high- 
land areas,  covered  with  grass  and  bog  and  heather. 

The  Palaeozoic  group  of  strata  includes  the  systems  from  the 
Cambrian  to  the  Permian,  and  in  this  northern  region  there 
may  be  some  Palaeozoic  rocks  crumpled  in  among  the  older 
schists.  It  is  certain  that  the  folding  of  the  rocks,  which  gave 
them  their  present  trend,  is  due  to  post-Silurian  earth-move- 
ments. The  pre-Cambrian  rocks  of  Scotland  and  Scandinavia 
have  similarly  been  re-arranged  in  later  times.  Some  of  the 
granite  masses  that  are  conspicuous  in  the  Irish  western  high- 
lands may  have  intruded  before  the  Cambrian  period  ;  but  others 
may  have  filled  up  the  arches  of  the  post-Silurian  folds  as  these 
were  formed.  These  granites  attacked  the  sediments  amid 
which  they  rose,  melted  up  portions  of  them,  and,  creeping 
along  their  bedding-planes,  became  incorporated  with  them  to 
form  the  handsome  banded  rock  called  gneiss.  The  whole 
mass  then  became  consolidated  under  pressure,  and  many  of 
the  crystals  that  had  developed  in  the  gneisses  and  the  schists 
\vere  broken  down  and  streaked  out  by  earth-movements,  while 


sometimes  rock-masses  were  ground  almost  to  powder.  But 
the  greatest  changes  in  the  ancient  sediments  seem  to  have 
arisen  from  the  attack  of  the  heated  matter  on  them  when 
they  lay  deep  down  within  the  earth. 

In  the  south-east  of  Ireland  there  is  a  series  of  slates  and 
quartzites,  resulting  from  the  hardening  of  old  muds  and  sand- 
stones, which  now  forms  the  promontory  of  Howth  and  the 
broken  country  south  of  Bray.  The  two  Sugarloaves  of  Co. 
Wicklow  are  due  to  the  resistance  of  beds  of  quartzite  to  the 
general  weathering,  which  has  worn  away  the  slates  more 
easily.  The  same  type  of  rock  appears  again  south  of  Wexford 
town.  Though  no  conclusive  fossils  have  been  found  in  this 
series,  the  evidence  is  strongly  in  favour  of  a  CAMBRIAN  age. 

Close  against  this  series,  along  both  sides  of  the  Leinster 
Chain,  shales  and  sandstones  occur,  containing  in  a  few  places 
Silurian  fossils.  The  division  between  the  LOWER  and  UPPER 
SILURIAN  systems  (which  are  also  called  by  many  writers 
ORDOVICIAN  and  SILURIAN  respectively)  is  very  uncertain  in 
many  parts  of  Ireland,  and  the  colours  on  the  map  will  probably 
require  modification  as  time  goes  on.  But  this  point  is  of  little 
importance,  if  we  regard  the  two  systems  as  forming  a 
continuous  mass  of  strata,  characterised  towards  the  top  by 
distinctly  later  forms  of  life  than  those  which  prevail  in  its 
earlier  horizons.  The  Silurian  sea — using  the  name  Silurian 
for  both  systems — must  have  spread  over  practically  the  whole 
Irish  area,  since  patches  of  its  deposits  appear,  surrounded  by 
younger  strata,  in  a  great  number  of  places  where  weathering 
has  worked  sufficiently  far  down.  A  broad  Silurian  area  forms 
the  hummocky  country  from  Longford  north-eastward  through 
Cavan,  Monaghan,  Armagh,  and  Down,  a  region  of  small  hills 
of  slaty  or  sandy  rock,  with  a  tendency  to  form  stiff  soils. 
Numerous  volcanic  eruptions  took  place  in  Lower  Silurian 
times  in  the  region  of  the  Leinster  Chain  and  in  Connemara. 
A  small  volcano  of  Upper  Silurian  age  has  left  relics  in  the  west 
of  the  Dingle  Promontory,  where  its  lavas  and  ashes  are  inter- 
bedded  with  fossiliferous  strata. 

Round  Killary  Harbour  the  Silurian  beds  are  interestingly 
developed  (Plate  IX.),  forming  the  fine  masses  of  Muilrea  and 
Bengorm.  South  of  Leenane,  they  may  be  seen  clearly  lying 
on  the  upturned  and  worn-down  edges  of  the  ancient  schistose 
series  of  Connemara. 

At  the  close  of  Silurian  times  a  powerful  series  of  earth- 
movements  set  in,  which  crumpled  up  the  floor  of  the  sea  in 
north-west  Europe.  The  pressure  came,  as  has  been  already 
mentioned,  from  the  south-east,  and  the  Silurian  beds  and  any- 
thing on  which  they  rested  were  forced  into  long  parallel  folds, 
running  north-east  and  south-west  "(Fig.  1,  p.  8).  In  places 
fractures  occurred,  and  older  beds  were  pushed  up  over  newer 
ones  ;  molten  matter,  destined  to  consolidate  as  granite,  welled 
up,  moreover,  from  below,  and  occupied  the  crowns  of  some  of 
the  great  earth-folds.'  These  folds  have  been  styled  Caledonian, 


from  their  prominence  in  moulding  the  structure  of  the  Scottish 
highlands.  The  Leinster  Chain,  with  its  grand  core  of  granite, 
is  a  typical  Irish  example.  On  its  margins,  the  uptilted  Silurian 
strata  have  been  altered  into  mica-schists  by  the  heat  of  the 
invading  masses.  For  nearly  seventy  miles,  however,  the 
crown  of  its  former  covering  has  been  worn  away,  revealing 
the  granite  as  a  broad  round-backed  moorland.  On  its  flanks, 
in  striking  contrast  (Plate  II.),  the  Silurian  and  Cambrian 
rocks  are  deeply  cut  into  by  the  streams,  giving  rise  to  pic- 
turesque ravines,  the  finest  of  which  is  the  Devil's  Glen  in 
County  Wicklow.  The  Leinster  granite  is  largely  quarried 
for  use  in  building. 

The  great  bar  of  granite  that  occupies  the  centre  of  the  county 
of  Donegal  obviously  follows  the  trend  of  the  Caledonian  folds, 
and  the  whole  country  hereabouts  has  been  re-arranged  in  this 
direction.  Another  good  example  is  the  axis  of  the  Ox  Moun- 
tains. The  rocks  of  this  range  are  probably  pre-Cambrian, 
invaded  by  granite  along  a  Caledonian  upfold.  Much  of  the 
gneiss  shown  on  the  map  at  the  north-east  end  of  the  range  is 
formed  of  granite  and  schist,  mingled  during  the  intrusion. 
The  rounded  bosses  of  this  gneissic  region  are  well  seen,  in 
contrast  with  the  carboniferous  strata,  as  one  travels  towards 
Sligo  by  the  railway  from  Collooney. 

Near  Newry,  a  further  mass  of  Caledonian  granite,  much 
used  commercially,  runs  north-eastward,  culminating  in  Slieve 
Croob.  This  is  clearly  the  core  of  the  great  uplifted  region  of 
Silurian  strata  which  extends  from  Longford  to  Donaghadee, 
and  which  doubtless  runs  on  into  the  Southern  Uplands  of 
Scotland.  The  first  prominent  lines  of  our  modern  Ireland 
were  thus  laid  out  during  the  growth  of  the  great  Caledonian 
continent,  the  eastern  fringe  of  which  included  the  present 
north-west  European  region. 

The  weather  worked  its  will  for  a  long  time  on  the  surface 
of  this  continent.  Some  of  the  granite  cores,  like  that  of 
Leinster,  already  cold  and  dead,  became  exposed  from  beneath 
their  covering  of  sediments,  and  stood  out  as  mountain  ridges 
much  as  they  do  at  the  present  day.  The  first  deposits  of  the 
DEVONIAN  period  are  sandstones  and  conglomerates  gathered 
in  the  hollows  of  torrent-swept  but  semi-arid  lands,  and  as 
deltas  in  extensive  inland  seas  (Plate  IV.,  fig.  A).  In  the 
Dingle  promontory,  a  barren  series  of  this  kind,  styled  the 
Dingle  Beds,  succeeds  the  highest  Silurian  strata  ;  then  occurs 
a  break  or  unconformity,  indicating  a  local  uplift.  The  beds 
that  follow,  laid  down  across  the  edges  of  the  Dingle  series, 
are  the  typical  OLD  RED  SANDSTONE  of  the  south,  and  cor- 
respond to  the  similar  freshwater  and  terrestrial  beds  of 
Devonian  age  in  Scotland.  Attempts  have  been  made  to 
distinguish  Dingle  Beds  from  an  Upper  Old  Red  Sandstone 
in  other  parts  of  Ireland ,  but  without  success  ;  the  use  of  two 
brown  tints  on  the  map  in  the  northern  region  must  still  be 
regarded  as  provisional.  The  Irish  Old  Red  Sandstone  as  a 


rule  rests  on  the  folded  and  denuded  Silurian  strata  (fig.  4) ; 
and  the  junction  of  the  two  systems,  the  actual  surface  of  the 
Caledonian  continent,  is  magnificently  seen  in  the  section  at 
the  northern  railway  station  of  Waterford.  The  hardness  of  the 
conglomerates,  which  represent  the  waste  of  the  Caledonian 
land,  makes  them  iorm  mountain  country,  largely  given  over 
to  woods  and  heather ;  but  the  sand  washes  down  from  their 
slopes  and  improves  the  clayey  soils  on  the  limestone  lowlands 
at  their  feet.  The  Old  Red  Sandstone  is  responsible  for  all  the 
bold  rock-scenery  of  Waterford,  Cork  and  Kerry  (Plate  III.), 
including  the  country  of  Macgillicuddy's  Reeks,  the  fine  passes 
between  Killarney  and  Glengarriff,  and  the  crags  of  the 
Comeragh  Mountains  south-west  of  Carrick-on-Suir.  Up  thrust 
domes  of  Old  Red  Sandstone  appear  all  across  the  country,  such 
as  those  that  form  Slieve  Aughty  near  Loughrea  and  Slieve 
Bloom  near  Maryborough.  A  considerable  mass  of  this  rock, 
giving  rise  to  strong  red  soils,  spreads  north-eastward  from  near 
EnniskiUen  through  Tyrone. 

The  Irish  Old  Red  Sandstone,  like  that  of  South  Wales, 
passes  regularly  into  the  first  deposits  of  the  CARBONIFEROUS 
sea.  In  the  south  a  fine-grained  yellow  sandstone,  containing 
freshwater  mussels  and  the  oldest  well  defined  plant-remains 
in  our  islands,  closes  the  beds  of  Devonian  age.  The  sea  then 
flowed  gently  in  across  the  country,  and  the  Irish  region,  like 
so  much  of  central  and  eastern  Europe,  became  again  marine. 
The  clayey  beds  that  now  form  the  Carboniferous  Slate  of  Cork 
and  Kerry  show  that  land,  with  muddy  rivers  flowing  from  it, 
lay  for  a  long  time  somewhere  near  at  hand.  In  the  north  of 
Ireland,  as  in  southern  Scotland,  the  earlier  Carboniferous  beds 
are  formed  of  sandstone,  derived  also  from  a  shore.  The  fine- 
grained stone  at  Mount  Charles  near  Donegal  town  is  quarried 
extensively  for  building.  At  Bally  castle,  near  Fair  Head,  a 
little  outlying  mass  of  Lower  Carboniferous  Sandstone,  with 
one  limestone  band  in  it,  includes  workable  coals,  formed  from 
plants  washed  down  from  some  adjacent  coast. 

But  in  Ireland  generally  the  sea  deepened,  and  the  great 
Carboniferous  Limestone  was  laid  down,  bed  after  bed,  by  the 
accumulation  of  shells  of  molluscs  and  brachiopods,  and  the 
hard  parts  of  sea-lilies,  corals,  and  foraminifera,  with  here  and 
there  a  muddy  layer,  forming  a  calcareous  shale,  where  material 
was  derived  from  some  island  that  still  stood  above  the  sea. 
The  Leinster  Chain,  one  of  the  resisting  ribs  of  the  old  Caledonian 
land,  remained  for  a  long  time  as  an  island  or  promontory,  and 
pebbles  worn  from  its  schist  and  granite  are  found  in  the  grey 
limestone  south  of  Dublin.  The  Carboniferous  sea  thus  gave 
us  the  far- spreading  grey  limestone,  the  commonest  rock  in 
modern  Ireland,  which  is  used  everywhere  for  building  walls 
and  houses,  and  unfortunately,  owing  to  its  cheapness,  for 
making  the  great  bulk  of  the  roads.  The  altered  varieties, 
stained  by  iron  oxides,  carbon,  and  so  forth,  provide  beautiful 
marbles,  such  as  the  red  varieties  from  the  neighbourhood  of 
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Cork,  and  the  black  ones  from  Galway  and  Kilkenny.  The 
flints  that  are  so  common  in  the  Carboniferous  Limestone  result 
from  the  decay  of  organisms,  mainly  siliceous  sponges,  which 
made  their  hard  parts  of  silica  in  the  ancient  European  ocean. 

A  considerable  volcanic  area  was  established  in  the  Carbon- 
iferous sea  near  Limerick,  and  the  lavas  and  ashes  form  con- 
spicuous hills,  on  which  picturesque  old  castles  stand. 

A  gradual  shall  owirg  of  the  Carboniferous  ocean  then 
occurred,  without  marked  folding,  and  shales  and  sandstones 
accumulated,  resembling  the  Yoredale,  Pendleside,  and  Mill- 
stone Grit  series  of  England.  At  last  freshwater  swamps 
appeared,  over  which  the  sea  spread  occasionally,  as  it  might 
easily  do  on  a  low  coast  formed  of  muddy  isles  and  promon- 
tories ;  and  the  famous  forests  of  the  Carboniferous  period  in 
time  gave  rise  to  beds  of  coal. 

No  doubt  the  Coal  Measures,  which  are  sometimes  rich  as 
regards  coal-seams,  and  sometimes,  on  the  other  hand,  quite 
poor,  stretched  fairly  uniformly  over  the  Irish  area.  Long  ages 
of  denudation,  however,  have  removed  the  greater  part  of 
them,  and  few  deposits  of  later  date  were  laid  down  for  their 
protection. 


Fig.  1. — Sketch-Map  showing  the  directions  of  rock-folding  in  Ireland.  Lines 
with  dots  mark  the  Caledonian  folding ;  thick  lines  mark  the  Armorican 
folding. 

Ill  England,  on  the  other  hand,  a  wide  development  of  Mesozoic 
strata  has  preserved  far  more  of  the  Coal  Measures  to  our  own 
day  ;  but  even  there  the  loss  by  atmospheric  wasting  has  been 
enormous.  A  great  series  of  earth-folds  was  foimed  in  western 
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Europe  before  the  Permian  period  set  in.  The  compression 
came  this  time  from  the  south,  and  the  folds  in  consequence 
run  east  and  west.  They  have  been  called  Armorican  from 
their  predominance  in  Brittany,  and  Hercynian  from  their 
having  moulded  the  old  Hercynian  forest  region  of  central 
Germany.  To  this  day,  the  Armorican  folds  control  the  geo- 
graphical features  of  southern  Ireland,  just  as  the  Caledonian 
folds  control  those  of  the  north-west  and  the  south-east. 

The  great  earth-ripples  found  an  obstacle,  however,  in  the 
pre-existing  Leinster  Chain,  which  became  forced  against  the 
country  west  of  it,  so  that  the  Armorican  folds  here  adopted 
the  older  Caledonian  trend  (Fig.  1).  The  fold  extending  from 
the  Galtee  Mountains  to  Athy  thus  turns  in  a  north-east 
direction.  It  forms  an  arch  near  Tipperary,  but  a  downfold 
or  trough  about  Kilkenny.  The  Carboniferous  beds  have  been 
worn  away  from  the  Galtees,  leaving  Old  Red  Sandstone  and 
even  Silurian  beds  exposed  ;  on  the  other  hand,  on  Slieve 
Ardagh  north  of  Fethard,  and  on  the  high  plateau  of  Castle- 
comer,  even  the  Coal  Measures  have  been  preserved  in  a  great 
trough. 

Numerous  steep  Armorican  folds  rapidly  succeed  one  another 
in  the  country  extending  from  the  west  of  Kerry  through  Cork 
to  Waterford  (Fig.  2).  The  Carboniferous  Limestone  and  Slate 
remain  for  the  most  part  only  in  the  downf olds,  along  which  the 
rivers  have  now  worked  their  way,  and  the  weather  has  laid  bare 
the  resisting  Old  Red  Sandstone  along  the  intervening  ridges. 

The  courses  of  the  southern  rivers,  such  as  the  Blackwater, 
the  Lee,  and  the  Band  on,  were  at  first  controlled  by  a  general 
slope  of  the  country  towards  the  south  and  south-east.  Their 
tributaries,  however,  spreading  westward  along  the  direction  of 
the  Armorican  folds,  excavated  their  channels  easily  along  the 
Carboniferous  Limestone,  and  left  the  Old  Red  Sandstone  as 
ridges  on  either  side  of  their  valleys.  The  stronger  tributaries, 
working  continually  westward,  drew  away  the  supply  of  water 
from  the  heads  of  some  of  the  southward-running  streams 
belonging  to  the  original  drainage-system,  reducing  the  southern 
parts  of  these  streams,  and  at  the  same  time  strengthening 
themselves  ;  and  a  few  conspicuous  rivers  now  dominate  the 
system,  their  main  portions  consisting  of  well-developed  tri- 
butaries, running  along  the  limestone  downfolds,  while  their 
lower  portions  at  right  angles  to  these  tributaries  record  the 
original  main  direction  of  flow  across  the  lines  of  folding. 
Cork  Harbour  contains  "passages"  which  represent  the  old 
north-and-south  valleys,  now  submerged  beneath  the  sea 
(Plate  V.),  while  the  Lee  is  really  only  a  long  tributary  of  one 
of  the  members  of  the  early  river-system. 

In  the  Ballyhoura  and  Galtee  district,  and  in  Slievenaman 
and  the  Comeraghs  near  Clonmel,  even  the  Old  Red  Sandstone, 
with  its  conglomerates,  has  been  cut  through,  and  inlying  areas 
of  Silurian  strata  have  been  exposed  (Fig.  4).  These  beds  are 
worn  away  more  quickly,  and  furnish  arable  and  grazing  land 


in  the  midst  of  the  forbidding  sandstone  hills.  The  basin-like 
structure,  seen  when  one  climbs  up  through  barren  Old  Red 
Sandstone  into  an  excavated  region  of  farmlands  on  Silurian 
shales,  is  often  repeated  in  more  central  parts  of  Ireland. 

The  Armorican  folding  produced  the  rocky  boss  on  which  the 
acropolis  of  Cashel  stands  (Fig.  5),  and  the  immensely  larger 
domes  of  Slieve  Bernagh,  Slieve  Felim,  and  Slieve  Bloom.  It 
threw  the  Carboniferous  strata  inte  a  broad  basin-like  form,  with 
numerous  minor  folds  in  it,  between  Nenagh  and  Dublin  on  the 
south-east  and  Castlebar  and  Sligo  on  the  north-west.  It  reared 
the  grand  masses  of  limestone,  resting  on  more  crumbling  shales, 
that  have  been  carved  out  into  scarps  and  tables  between 
Bundoran  and  Lough  Gill ;  and  it  brought  up  the  old  ocean- 
floor,  bed  upon  bed  for  all  to  see,  to  form  the  bare  terraced 


Fig.  5. — Anticlinal  dome  of  Carboniferous  Limestone.     Rock  of  Cashel,  Co. 
Tipperary.  [G.  Du  Noyer,  del. 


mountains  in  the  wind-swept  north  of  Clare.  The  higher  strata, 
including  the  Coal  Measures,  became  at  once  endangered  by 
the  general  uplift,  and  now  remain  only  as  a  few  outliers 
(Fig.  6,  p.  11).  The  broadest  of  these  are  in  Clare,  Limerick 
and  Kerry,  as  is  shown  on  the  map.  Here,  however,  the  beds 
are  slaty  and  sandy,  and  coal  is  practically  non-existent. 
Anthracitic  coal  remains  at  Slieve  Ardagh  and  round  Castlecomer 
(Plate  IV.,  fig.  B),  and  coal  of  the  ordinary  brightly  burning 
quality  occurs  in  the  higher  parts  of  the  hills  around  Lough 
Allen,  and  at  Coalisland  in  Tyrone.  In  the  last-named  spot 
a  further  extension  of  Coal  Measures  has  probably  been 
preserved  under  the  Triassic  Sandstones  to  the  east ;  but  it 
must  be  remembered  that  the  area  had  suffered  much  from 
denudation  before  these  sandstones  were  laid  down. 
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In  the  greater  part  of  Ireland,  then,  the  grey  limestone  Is  the 
highest  Carboniferous  series  remaining.  Owing  to  its  being 
easily  denuded  by  natural  agents,  including  rain  and  rivers, 
which  can  dissolve  it,  it  has  in  general  been  worn  down  into  a 
broad  plain,  above  which  masses  of  older  and  more  resisting 
rock  rise  here  and  there.  The  local  folding  of  the  limestones 
in  this  broad  area  has  now  scarcely  any  effect  upon  the  surface. 
The  Carboniferous  region  must  have  remained  stationary  for 
long  geological  periods,  and  must  have  been  reduced  by  erosion 
to  an  almost  uniform  surface  or  "  peneplain,"  down  to  the  level 
of  the  sea.  Comparatively  recent  uplifts  have  raised  this  sur- 
face, so  that  the  rivers,  like  the  Liffey  and  the  Shannon,  again 
cut  into  it  ;  but  the  traveller  from  Dublin  to  Galway,  in  passing 
over  the  great  limestone  plain,  will  see  scarcely  a  hili  upon  the 
way.  Eastern  Galway  and  Roscommon  are  typical  limestone 
regions,  and  the  general  level  of  the  latter  county  is  broken 
mainly  by  the  ridges  of  boulder-loam  and  gravel  upon  its  sur- 
face (Plate  VI.).  In  many  parts  the  rock  is  practically  devoid 
of  soil,  and  in  others  the  blocks  worn  from  it  cumber  such  thin 
grass-lands  as  prevail. 

As  might  be  expected,  the  Carboniferous  Limestone  is  rich  in 
caves  and  underground  waterways,  hollowed  out  in  it  by 
solution,  and  the  subterranean  rivers,  in  working  their  way 
downwards,  leave  the  rocks  near  the  surface  still  more  dry. 

The  main  features  of  our  modern  Ireland  were  thus  moulded 
by  earth-movements  that  took  place  at  two  epochs  of  Palaeozoic 
time.  PERMIAN  beds  occur  only  in  a  few  small  patches  in  the 
counties  of  Armagh,  Down  and  Tyrone.  TEIASSIC  clays  and 
sandstones  rest  on  the  denuded  surface  of  the  Amiorican  folds 
between  Belfast  and  Limavady  and  give  evidence  of  a  dry 
period,  in  which  salt  lakes  and  deserts  existed  on  a  continental 
surface.  The  drying-up  of  the  lakes  has  left  gypsum  and  valu- 
able beds  of  rock-salt  near  Carrickfergus.  Gypsum  is  also 
found  in  the  Triassic  outlier  near  Kingscourt.  Triassic  strata 
no  doubt  extended  at  one  time  farther  south. 

The  highest  beds  of  the  Britannic  Trias,  the  Khcetic  series,  are 
marine,  and  representatives  of  them  occur  in  the  counties  qf 
Antrim  and  Londonderry.  This  inflow  of  the  sea  was,  however; 
checked  after  the  laying  down  of  LOWER  JURASSIC  (Liassic) 
clays  and  limestones,  such  as  appear,  with  their  characteristic 
ammonites,  on  the  north  shore  at  Portrush.  Ireland  possesses 
none  of  the  Middle  and  Upper  Jurassic  rocks,  which  give 
England  its  oolitic  building  stones,  the  famous  beds  of  Bath 
and  Portland. 

Another  long  interval  seems  to  have  set  in,  during  which  the 
Irish  area  became  dry  land.  Then,  in  MIDDLE  CRETACEOUS 
times,  the  sea  came  back,  at  any  rate  over  the  north-east,  and 
laid  down  yellow  and  glauconitic  sandstones,  and  then  the 
"  white  limestone  "  or  Chalk  that  comes  to  the  surface  as  a  ring 
round  the  coast,  from  Belfast  to  the  cliffs  above  Lough  Foyle 
(Plate  VII.).  These  thin  biit  interesting  beds  can  scarcely  be 
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shown  upon  the  map,  since  they  are  mostly  covered  by  basalt, 
to  which,  indeed,  they  owe  their  preservation.  In  late  Cre- 
taceous times  they  became  uplifted  as  dry  land,  and  formed 
downs  like  those  of  Wiltshire,  Surrey,  Kent  and  Sussex. 

In  early  Cainozoic  times,  the  north  of  Ireland  became  a 
volcanic  country,  and  was  deluged  by  floods  of  lava.  An 
immense  number  of  fissures  opened,  running  in  a  north-west 
and  south-east  direction,  and  molten  basalt  rose  in  these  and 
flowed  over  the  Chalk  downs  and  all  the  other  rocks  of  Ulster 
(Plate  VII.).  The  dykes,  or  ribs  of  dark  rock,  which  were 
left  as  the  volcanic  masses  cooled  in  the  fissures,  are  traceable 
from  Galway  to  Donegal,  over  regions  from  which  the  super- 
ficial lavas  have  been  entirely  swept  away.  At  Carlingford 
Mountain  we  find  an  exposure  of  one  of  the  subterranean  caul- 
drons of  this  period.  Its  contents  now  form  a  rugged  ridge  of 
the  dark  crystalline  rock  called  gabbro.  In  an  interval  between 
the  eruptions  of  basalt,  material  capable  of  forming  granite 
oozed  up  here  and  there.  To  this  we  owe  the  young  granite,  its 
crests  still  picturesque  with  bare  crags  and  pinnacles,  which 
forms  the  knot  of  the  Mourne  Mountains,  close  against  the  far 
older  granite  of  the  Newry  axis  (Plate  VIII.,  fig.  A).  A  spot  of 
bright  red  on  the  map,  north  of  Antrim  town,  marks  the  site  of 
eruptions  of  rhyolite,  a  lava  once  included  with  the  trachytes, 
and  of  the  same  composition  as  the  granite  that  consolidated 
underground  in  Mourne.  The  typical  scenery  of  the  county  of 
Antrim  and  of  eastern  Londonderry,  is,  however,  due  to  the 
basalts,.which  broke  out  again,  sheet  upon  sheet,  and  ultimately 
formed  the  characteristic  plateaus  that  drop  from  the  black 
scarps  along  the  coast  inland  towards  the  basin  of  the  Bann 
(Fig.  7).  The  Giant's  Causeway,  with  its  remarkably  regular 
columnar  structure,  is  the  lower  part  of  one  of  the  great  lava- 


Fig.  7. — Section'acrossfthe  edge  of  the  Antrim"  plateau'at  White  Mountain, 
N.W.  of  Lisburn.  fa.  Trias ;  b.  (Setaceous  ;  c.  Basaltic  lavas  ;  D.  Basalt  dyke  ; 
x.  Fault,  or  dislocation  of  the  beds. 

flows,  which  [cracked  in  prismatic  forms  from  the  ground 
upwards  as  it  cooled.^  ^Numerous  examples  of  such  columnar 
shrinking'can  be  seen  in  the  basalt  headlands  of  Bengore. 

This  eruptive  activity  is  believed  to  have  taken  place  in  late 
EOCENE  and  OLIGOCENE  times,  and  a  long  blank  then  occurs 
in  the  geological  history  of  Ireland.  A  continent  of  ancient 
rocks,  with  new  volcanic  material  piled  upon  it,  still  lay  to  the 
north-west,  and  probably  connected  Donegal  with  Greenland. 
After  the  later  basaltic  eruptions,  this  mass  of  land  began  to 
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give  way  and  fall  in  ;  the  volcanoes  themselves  had  been  a 
sign  of  still  greater  unrest  within  the  earth.  While  what  are 
known  as  the  Alpine  folds  at  last  defined  the  structure  of  our 
modern  Europe,  considerable  fracturing  and  faulting  took 
place  in  northern  Ireland,  and  in  a  great  area  stretching  north- 
ward to  the  Faroe  Isles.  The  Atlantic  was  admitted  over  the 
former  land,  and  Ireland  was  cut  off  on  the  north  and  west  by 
this  serious  extension  of  the  ocean.  The  sea  even  entered  the 
valley  of  the  Bann,  along  a  line  where  the  basaltic  uplands 
became  dropped  for  a  time  below  its  level.  Though  this  gulf 
soon  passed  away,  the  broad  basin  of  Lough  Neagh  still  records 
the  subsidence  of  the  plateaus.  The  region  to  the  south,  which 
in  older  days  was  so  often  covered  by  the  ocean,  now  became 
attached  to  the  growing  continent  on  the  east,  and  the  Irish  area, 
as  we  now  know  it,  at  last  formed  a  promontory  of  western 
Europe.  It  was  next  cut  off,  by  a  local  and  trifling  subsidence, 
from  Great  Britain,  whose  fortunes  it  had  for  a  long  time 
shared  ;  and  finally  England,  probably  by  the  denuding  action 
of  marine  currents,  became  separated  from  France  and  Bel- 
gium, and  the  British  Isles  received  their  present  form. 

On  the  south  and  west  of  Ireland,  the  subsidence  towards  the 
Atlantic  is  marked  by  the  long  sea-inlets,  the  "  rias "  and 
"fjords,"  from  Waterford  (Water-Fjord)  to  Lough  Swilly 
(Plates  V.  and  IX.).  These  inlets  represent  old  valleys  which 
were  cut  by  rivers  when  the  country  stood  at  a  higher  elevation 
and  which  were  then  submerged  beneath  the  sea.  The  milder 
subsidence  on  the  east  of  Ireland  admitted  the  sea  to  Belfast, 
Strangford,  and  Carlingford  Loughs,  and  to  Wexford  Harbour 
— the  White  Fjord  of  the  Norsemen.  Soon  after  this  time,  a 
general  lowering  of  temperature  brought  the  peril  of  the  ICE 
AGE  or  GLACIAL  EPOCH  upon  the  earth,  and  the  conspicuous 
deposits  of  Drift  were  added  to  the  surface  of  Ireland. 

Probably  an  epoch  of  wetness  and  increasing  cold  preceded 
the  deposition  of  the  snows  of  the  Ice  Age.  Some  of  the  caves 
and  waterways  in  the  limestone  area  were  hollowed  out  in  these 
unpleasant  years.  Then  snow  began  to  fall,  until  glaciers  were 
pressed  down  from  the  mountains  ;  but  these  local  features  were 
soon  eclipsed  by  the  growth  of  far  larger  fields  of  ice,  so  thick 
that  they  were  able  to  move  across  the  country  without  much 
regard  to  the  hills  and  valleys  under  them.  Ice  from  Scotland 
followed  the  course  of  the  Irish  Channel,  and  sent  out  aggressive 
lobes  over  the  Irish  land.  In  the  north  this  invader  met  with 
local  ice,  spreading  from  a  centre  of  heavy  snowfall  somewhere 
near  Lough  Allen  ;  while  in  the  Dublin  district  it  met  the 
southward  extension  of  this  same  ice-mass,  which  brought 
stones  from  the  north-west  far  into  the  limestone  plain.  The 
snow -dome  in  the  northern  centre  forced  out  ice  that  flowed 
north-west  across  the  Ox  Mountains.  Connemara  and  the 
south-west  highlands  were  mountainous  enough  to  act  as  local 
centres  for  glacier  growth,  and  loj\c  tongues  of  ice  oozed  down 
the  fjords  to  the  Atlantic. 
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When  at  last  better  times  returned,  and  the  ice  began  to  melt 
away,  the  face  of  the  country  had  become  greatly  changed. 
For  a  long  time,  rapidly  shifting  rivers,  like  those  in  the  Alaskan 
lowland — which  are  similarly  derived  from  the  melting  of  inland 
ice — spread  banks  of  pebbles  over  the  plains,  and  choked  many 
of  the  vales  with  coarse  detritus.  The  great  ice-masses,  like  the 
glaciers  of  Greenland,  had  accumulated  an  immense  quantity 
of  stones  and  clay  in  their  lower  layers,  and  this  was  now  laid 
down  as  a  burden  across  the  land.  This  material  forms  the 
boulder-clay,  or  boulder-loam,  which  is  so  widely  met  with,  and 
which  is  often  left  in  round-backed  heaps  called  drumlins.  The 
glacial  gravels  result  from  the  washing  of  the  boulder-clay  by 
streams,  and  their  irregular  stratification  records  the  con- 
flicting rush  of  torrents  from  the  melting  masses  of  the  ice 
(Plate  X.).  Moreover,  as  the  ice-sheet  of  the  central  lowlands 
dwindled  and  thinned  down,  gravels  came  to  light  that  had 
gathered  in  stream-courses  beneath  it,  and  these  now  foim  the 
fairy  "  green  hills,"  the  long  esker  ridges,  that  wind  like  serpents 
through  the  plain  (Fig.  8). 

When  the  ice-invasion  was  at  its  height,  the  country  may 
have  sunk  lower,  though  the  sea  remained  banked  out  from  it 
by  the  thick  masses  of  the  glaciers.  Marine  shells  have  been 
carried  from  the  Irish  Channel  against  the  Antrim  and  Dublin 
hills,  and  fragments  of  them  are  found  nearly  1,500  feet  above 
the  present  sea.  The  inland  ice,  moreover,  brought  limestone 
pebbles  from  the  plain  over  regions  where  the  soils  would  other- 
wise be  poor  in  lime.  These  pebbles  show  characteristic 
scratches  ;  and,  when  we  clear  away  the  boulder-clays  or  gravels 
anywhere  in  Ireland,  we  find  the  rock-floor  below  scratched 
and  furrowed,  a  sure  indication  of  the  movement  of  masses  oi 
land-ice. 

The  maximum  extension  of  the  ice  occurred  when  the  Scottish 
glacier  was  meeting  the  local  Irish  sheets  along  the  eastern 
portion  of  the  country.  Gravels  washed  from  the  boulder-clay 
of  this  epoch  show  that  a  milder  epoch  then  set  in,  after  which 
an  extension  of  Irish  glaciers  again  covered  the  low  ground  in 
the  neighbourhood  of  the  hills,  ultimately  leavir.g  behind  a 
second  boulder-clay  (Plate  X.). 

The  Ice  Age  is  the  last  heroic  episode  in  the  geological  history 
of  Ireland  ;  a  succeeding  epoch  of  wet  and  temperate  climate 
has,  however,  left  traces  that,  like  the  drifts,  cannot  be 
represented  on  the  raised  map.  These  are  the  bogs  (Plate  VIII., 
fig.  B),  which  ai  one  time  covered  even  the  mountains,  and 
a  large  part  of  the  lowlands,  on  which  forests  had  begun  to 
grow.  The  most  favourable  conditions  for  the  spread  of  peat 
have  passed  by  for  the  present ;  but  an  immense  area  of  the 
central  plain  is  still  covered  with  this  material,  resting  on 
lacustrine  clays  or  on  boulder-clay.  The  Leinster  Chain  is 
gradually  losing  its  mountain-peat,  under  the  influence  of  these 
drier  times,  of  which  we  have  indications  in  many  other  lands 
besides  our  own.  Various  oscillations  of  the  surface  have 


18 

taken  place  in  Ireland  since  the  Ice  Age,  and  even  since  the 
peat  began  to  spread.  One  of  these  was  a  downward  move- 
ment that  submerged  the  peat  and  forests  on  the  fringe  of  the 
country  beneath  the  sea  ;  another  was  an  uplift  that  occurred 
since  man  came  into  the  country,  and  that  gave  us  the  raised 
beaches,  and  the  flats  of  blue  marine  clay  of  the  Lagan  estuary 
and  Lough  Foyle.  A  raised  beach  of  this  epoch  connects 
Howth  with  the  mainland.  Many  others  round  the  coast  are 
partly  hidden  by  the  blown  sand  that  gathers  on  them. 

At  times,  when  we  see  the  rains  and  torrents  literally  washing 
away  the  mountains,  and  the  rivers  down  below  spreading  out 
huge  banks  of  sand  and  mud  against  the  sea,  we  may  fear  that 
this  land  of  Ireland,  reared  and  moulded  through  so  many 
changes,  is  doomed  to  inevitable  decay.  But,  when  we  realise 
the  activity  of  the  earth's  crust  beneath  us,  here  lowering  a 
continental  edge,  here  rolling  up  the  sea-bottom  like  a  cloth, 
surely  we  may  again  take  heart.  Placed  on  the  edge  of  Europe, 
we  can  promise  no  fixed  boundaries  to  the  geographer.  New 
features  have  still  to  be  added  to  the  map  of  Ireland,  and  new 
beauties  to  the  changeful  scenery  of  her  surface. 
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PLATE  I. 


Fig.  A. —  Scenery  of  the  older  rocks  of  Co.  Donegal.     Ridges  of  intrusive 
granite  and  metamorphic  rocks,  from  above  Doocharry  Bridge. 

[G.  A.  J.  Cole,  photo. 


Fig.  B. — Scenery  of  the  older  rocks  of  Connemara. 
Turc  Mountains,  from  the  North. 


Quartzite  of  the  Maam 

[G.  A.  J.  Cole,  photo. 


PLATE  IV. 


Fig.    A. — Old     Red    Sandstone    conglomerate.     Precipices    above     Lough 
Coumshingaun,  Comeragh  Mountains,  Co.  Waterford. 

[G.  A.  J.  Cole,  photo. 


Fig.  B. — Plateau  of  the  Leinster  Coalfield,  from  near  Kilkenny. 

[G.  A.  J.  Cole,  photo. 


PLATE  VHI. 


Fig    A — -Granite  pinnacles  on  Slieve  Commfdagh,  Mourn  e  Mountain.- 

[R,  Welch,  photo. 


Fig.  B. — Bog  partly  cut  away,  showing  traces  of  old  forests.     South  of 
Ballymena,  Co.  Antrim.  [G.  A.  J.  Cole,  photo. 
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